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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates generally to a
display device, and particularly, to a liquid crystal display
device capable of suitably displaying video (an image)
irrespective of the total number of dots in a horizontal
period of an input video signal.

[0002] The present invention further relates to a pixel
corresponding display device for displaying video in
units of pixels, and particularly, to a pixel corresponding
display device for suitably displaying video by always
keeping a phase relationship between a clock signal in
a case where an inputted video signal is subjected to
analog-to-digital conversion (hereinafter referred to as
A/D conversion) and pixels composing a video signal in
a stable state.

Description of the Prior Art

[0003] [1]Inaliquid crystal display device, one of dots
represented by dot data of an input video signal and one
of pixels composing a liquid crystal panel are synchro-
nized with each other in one horizontal scanning period,
to display video. Line data representing one horizontal
scan line out of an arbitrary number of line data in one
vertical scanning period of the input video signal is dis-
played in correspondence with one line in the vertical
direction of the liquid crystal panel. The line data is a
collection of pixel data.

[0004] Inrecent years, computers with a large variety
of specifications have been fabricated. A video signal
shown in Fig. la and a video signal shown in Fig. Ib differ
in the total number of dots in a horizontal period (here-
inafter referred to as the total of horizontal dots), for ex-
ample, even if they are XGA (Extended Graphic Array)
video signals outputted from various types of comput-
ers. In the XGA video signals, the respective total num-
bers of dots within a video effective period in the hori-
zontal period (hereinafter referred to as the number of
horizontal effective dots) are common. That is, the
number of horizontal effective dots of the XGA video sig-
nal is 1024.

[0005] Sampling clocks for sampling 1024 dots within
the video effective period in the horizontal period of the
inputted XGA video signal are generated on the basis
of a horizontal synchronizing signal of the inputted XGA
video signal. Consequently, a method of generating the
sampling clocks must be changed depending on the to-
tal of horizontal dots of the inputted XGA video signal.
Therefore, it is necessary to recognize the total of hori-
zontal dots of the inputted XGA video signal in order to
generate the sampling clocks.

[0006] Conventionally, a table storing the total of hor-
izontal dots has been prepared for each of types of XGA
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video signals, the type of the XGA video signal is judged
from the characteristics of the XGA video signal inputted
from the computer, and the total of horizontal dots cor-
responding to the judged type is selected from the table,
thereby recognizing the total of horizontal dots of the
inputted XGA video signal. However, this method can-
not cope with the XGA video signal generated by a com-
puter with a new specification.

[0007] Therefore, the applicant of the present inven-
tion has developed a method of generating sampling
clocks suitable for a plurality of types of video signals
whose number of horizontal effective dots has been
known and which differ in the total of horizontal dots, to
file an application (see JP-A-11-311967).

[0008] Specifically, a horizontal video start position
HS (see Figs. 1a and 1b) and a horizontal video end
position HE (see Figs. 1a and 1b) are detected for each
of horizontal lines, to calculate the number of sampling
clocks corresponding to the distance from a horizontal
video start position and a horizontal video end position
of an input video signal on the basis of the horizontal
video start position and the horizontal video end position
which have been detected.

[0009] When the number of sampling clocks corre-
sponding to the distance between the horizontal video
start position and the horizontal video end position of
the input video signal is smaller than the known number
of horizontal effective dots "1024", the frequency of the
sampling clocks is controlled in such a direction as to
be increased. When the number of sampling clocks cor-
responding to the distance between the horizontal video
start position and the horizontal video end position of
the input video signal is larger than "1025" which is larg-
er by one than the known number of horizontal effective
dots, the frequency of the sampling clocks is controlled
in such a direction as to be decreased.

[0010] When the number of sampling clocks corre-
sponding to the distance between the horizontal video
start position and the horizontal video end position of
the input video signal coincides with 1024 or 1025, the
phase of the clocks is delayed by a value corresponding
to at least one clock in several nano units.

[0011] The horizontal video start position and the hor-
izontal video end position of the input video signal are
detected by comparing the input video data after the AD
conversion by the A/D converter with a predetermined
threshold value. However, the position detection preci-
sion is greatly affected depending on how an analog in-
put video signal inputted to the A/D converter is dull.
[0012] Threshold values used for detecting the hori-
zontal video start position and the horizontal video end
position of the input video signal have been conversely
fixed, and are forced to be determined so as to be adapt-
ed to an input video signal having a low luminance out
of input video signals. Accordingly, the dullness of the
analog input video signal inputted to the A/D converter
greatly affects the position detection precision.

[0013] Since the dullness significantly appears at the
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falling edge of the analog input video signal, the detec-
tion precision of the horizontal video end position is par-
ticularly decreased in the conventional example.
[0014] [2] In a liquid crystal display which is one type
of pixel corresponding display device, one of pixels rep-
resented by pixel data of a video signal and one of pixels
composing a liquid crystal panel are synchronized with
each other in one horizontal scanning period, to display
video. Line data representing one horizontal scan line
(hereinafter referred to as a line) out of an arbitrary
number of line data in one vertical scanning period of
the video signal is displayed in correspondence with one
line in the vertical direction of the liquid crystal panel.
The line data is a collection of pixel data.

[0015] Data handled inside by a computer is a digital
signal, and the video signal is also generated as a digital
signal in units of pixels. However, a CRT display which
has been conventionally used as a display device is an
analog device. Accordingly, the video data generated in
the computer is converted into an analog video signal
in the computer, to output the analog video signal to the
CRT display.

[0016] On the other hand, the liquid crystal display is
a digital device. Accordingly, the video signal fed as an
analog signal from the computer must be subjected to
A/D conversion. Therefore, sampling clocks for perform-
ing the A/D conversion must be reproduced on the side
of the display.

Conventionally, the sampling clocks for performing A/D
conversion have been reproduced on the basis of only
a horizontal synchronizing signal. However, it is not en-
sured that the phase relationship between the horizontal
synchronizing signal and pixels composing the analog
video signal is always kept in a correct state, and the
total number of clocks within one horizontal period is un-
clear.

Consequently, a system for adjusting the frequency and
the phase of the clocks is required.

[0017] The following is a method of automatically ad-
justing the frequency and the phase of the sampling
clocks in response to an input signal. The total of sam-
pling clocks in one horizontal period is adjusted to adjust
the frequency of the sampling clocks such that the
number of horizontal effective pixels composing input
video reaches a predetermined value. A horizontal syn-
chronizing signal of an input video signal is fed to a sam-
pling clock generation circuit through a delay circuit, and
the amount of delay in the delay circuit is adjusted, to
adjust the phase of the sampling clocks.

[0018] However, the input signal must satisfy the fol-
lowing conditions in order to accurately adjust the fre-
quency and the phase of the sampling clocks in this
method.

[0019] Condition 1 ; In order to accurately detect the
number of horizontal effective pixels, at least one hori-
zontal effective start point whose level exceeds a
threshold level for horizontal effective start point judg-
ment and at least one horizontal effective end point
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whose level exceeds a threshold level for horizontal ef-
fective end point judgment exist within one field period
in the input video.

[0020] Condition 2 ; the first condition is satisfied con-
tinuously for a plurality of field periods.

[0021] In the case of almost all screen saver images,
for example, an object is to prevent a CRT from being
seized. Accordingly, a frame whose position is fixed is
not displayed, a background image is taken as an image
whose level is close to a black level, and an image to
be displayed is further displayed as a moving image.
When the screen saver image is inputted, therefore, the
number of horizontal effective pixels cannot be accu-
rately detected.

[0022] Furthermore, a horizontal RAMP image has no
sharp edge for specifying a horizontal video start posi-
tion or a horizontal video end position, and is easily af-
fected by a noise component or a horizontal jitter com-
ponent. When the horizontal RAMP image is inputted,
therefore, the number of horizontal effective pixels can-
not be accurately detected.

[0023] That s, it has been conventionally impossible
to distinguish a special video signal and a normal video
signal, described above. Accordingly, accurate clock
automatic adjustment cannot be performed.

SUMMARY OF THE INVENTION

[0024] An object of the present invention is to provide
a display device capable of improving the detection pre-
cision of a horizontal video end position.

[0025] Another object of the present invention is to
provide a pixel corresponding display device capable of
properly judging video in which the difference between
a horizontal video start position and a horizontal video
end position whose level exceeds the threshold level of
an input video signal is smaller than the number of hor-
izontal effective pixels (for example, a screen saver im-
age), properly switching an executed/stopped state of a
clock automatic adjustment operation depending on the
result of the judgment, to prevent the clock automatic
adjustment from being erroneously performed, and ac-
curately performing sampling clock adjustment.

[0026] A first display device according to the present
invention is characterized by comprising a clock gener-
ation circuit for generating sampling clocks, whose fre-
quency is controlled on the basis of a required frequency
control value, on the basis of a horizontal synchronizing
signal of an input video signal; an analog-to-digital con-
verter for sampling the input video signal on the basis
of the sampling clocks generated from the clock gener-
ation circuit; horizontal video start position detection
means for detecting a horizontal video start position of
video data outputted from the analog-to-digital convert-
er on the basis of a first threshold value; horizontal video
end position detection means for detecting a horizontal
video end position of the video data outputted from the
analog-to-digital converter on the basis of a second
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threshold value; calculation means for calculating the
number of sampling clocks corresponding to the dis-
tance from the horizontal video start position to the hor-
izontal video end position; judgment means for judging
whether or not the result of the calculation by the calcu-
lation means coincides with a required reference value;
frequency control value adjustment means for calculat-
ing, when it is judged that the result of the calculation
by the calculation means and the reference value do not
coincide with each other, a new frequency control value
on the basis of the result of the calculation by the calcu-
lation means, the reference value, and the frequency
control value currently setin the clock generation circuit,
to feed the new frequency control value to the clock gen-
eration circuit; and threshold value control means for
controlling a second threshold value depending on the
level of the video data outputted from the analog-to-dig-
ital converter.

[0027] An example of the clock generation circuit is
one comprising a voltage controlled oscillator for output-
ting the sampling clocks, a frequency divider for dividing
the frequency of the sampling clocks outputted from the
voltage controlled oscillator, phase detection means, to
which an output of the frequency divider and the hori-
zontal synchronizing signal of the input video signal are
inputted, for outputting a detection signal corresponding
to the phase difference between both the inputted sig-
nals, and filter means for integrating the detection signal
outputted from the phase detection means, to output the
integrated detection signal to the voltage controlled os-
cillator. In this case, the frequency division ratio of the
frequency divider is used as the frequency control value.
[0028] A second display device according to the
presentinvention is characterized by comprising a clock
generation circuit for generating sampling clocks,
whose frequency is controlled on the basis of a required
frequency control value, on the basis of a horizontal syn-
chronizing signal of an input video signal; an analog-to-
digital converter for sampling the input video signal on
the basis of the sampling clocks generated from the
clock generation circuit; a horizontal video start position
detection circuit for detecting a horizontal video start po-
sition of video data outputted from the analog-to-digital
converter on the basis of a first threshold value; a hori-
zontal video end position detection circuit for detecting
a horizontal video end position of the video data output-
ted from the analog-to-digital converter on the basis of
a second threshold value; a calculation circuit for calcu-
lating the number of sampling clocks corresponding to
the distance from the horizontal video start position to
the horizontal video end position; a judgment circuit for
judging whether or not the result of the calculation by
the calculation means coincides with a required refer-
ence value; a frequency control value adjustment circuit
for calculating, when it is judged that the result of the
calculation by the calculation circuit and the reference
value do not coincide with each other, a new frequency
control value on the basis of the result of the calculation
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by the calculation circuit, the reference value, and the
frequency control value currently set in the clock gener-
ation circuit, to feed the new frequency control value to
the clock generation circuit; and a threshold value con-
trol circuit for controlling a second threshold value de-
pending on the level of the video data outputted from
the analog-to-digital converter.

[0029] An example of the clock generation circuit is
one comprising a voltage controlled oscillator for output-
ting the sampling clocks, a frequency divider for dividing
the frequency of the sampling clocks outputted from the
voltage controlled oscillator, a phase detection circuit,
to which an output of the frequency divider and the hor-
izontal synchronizing signal of the input video signal are
inputted, for outputting a detection signal corresponding
to the phase difference between both the inputted sig-
nals, and a filter circuit for integrating the detection sig-
nal outputted from the phase detection circuit, to output
the integrated detection signal to the voltage controlled
oscillator. In this case, the frequency division ratio of the
frequency divider is used as a frequency control value.
[0030] A first pixel corresponding display device ac-
cording to the present invention is characterized by
comprising a clock generation circuit for generating
sampling clocks on the basis of a horizontal synchroniz-
ing signal of an input video signal; an analog-to-digital
converter for sampling the input video signal on the ba-
sis of the sampling clocks generated from the clock gen-
eration circuit; detection means for comparing video da-
ta outputted from the analog-to-digital converter with a
predetermined threshold value, to detect a horizontal
video start position and a horizontal video end position
on each of horizontal lines; calculation means for calcu-
lating, on the basis of a horizontal video start position
closest to a horizontal period start position specified by
the horizontal synchronizing signal out of horizontal vid-
eo start positions detected within one field and a hori-
zontal video end position farthest from the horizontal pe-
riod start position specified by the horizontal synchro-
nizing signal out of horizontal video end positions de-
tected within one field, the number of sampling clocks
corresponding to the distance between the horizontal
video start position and the horizontal video end position
of the input video signal for the field; frequency adjust-
ment means for controlling the clock generation circuit
on the basis of the result of the calculation by the calcu-
lation means, to adjust the frequency of the sampling
clocks; judgment means for judging for each field wheth-
er or not the width of a region where input video exists
is smaller than the number of horizontal effective pixels
on the basis of the result of the calculation by the calcu-
lation means; and means for stopping, when it is judged
that the width of the region where the input video exists
is smaller than the number of horizontal effective pixels,
a frequency adjustment operation based on the number
of sampling clocks found in the field.

[0031] A second pixel corresponding display device
according to the present invention is characterized by
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comprising a clock generation circuit for generating
sampling clocks on the basis of a horizontal synchroniz-
ing signal of an input video signal; an analog-to-digital
converter for sampling the input video signal on the ba-
sis of the sampling clocks generated from the clock gen-
eration circuit; a detection circuit for comparing video
data outputted from the analog-to-digital converter with
a predetermined threshold value, to detect a horizontal
video start position and a horizontal video end position
on each of horizontal lines; a calculation circuit for cal-
culating, on the basis of a horizontal video start position
closest to a horizontal period start position specified by
the horizontal synchronizing signal out of horizontal vid-
eo start positions detected within one field and a hori-
zontal video end position farthest from a horizontal pe-
riod start position specified by the horizontal synchro-
nizing signal out of horizontal video end positions de-
tected within one field, the number of sampling clocks
corresponding to the distance between the horizontal
video start position and the horizontal video end position
of the input video signal for the field; a frequency adjust-
ment circuit for controlling the clock generation circuit
on the basis of the result of the calculation by the calcu-
lation circuit, to adjust the frequency of the sampling
clocks; a judgment circuit for judging for each field
whether or not the width of a region where input video
exists is smaller than the number of horizontal effective
pixels on the basis of the result of the calculation by the
calculation circuit; and a circuit for stopping, when it is
judged that the width of the region where the input video
exists is smaller than the number of horizontal effective
pixels, a frequency adjustment operation based on the
number of sampling clocks found in the field.

[0032] A third pixel corresponding display device ac-
cording to the present invention is characterized by
comprising a delay circuit, whose amount of delay is var-
iable, for delaying and outputting a horizontal synchro-
nizing signal of an input video signal; a clock generation
circuit for generating sampling clocks which are syn-
chronized with the horizontal synchronizing signal out-
putted from the delay circuit; an analog-to-digital con-
verter for sampling the input video signal on the basis
of the sampling clocks generated from the clock gener-
ation circuit; detection means for comparing video data
outputted from the analog-to-digital converter with a pre-
determined threshold value, to detect a horizontal video
start position and a horizontal video end position on
each of horizontal lines; calculation means for calculat-
ing, on the basis of a horizontal video start position clos-
est to a horizontal period start position specified by the
horizontal synchronizing signal outputted from the delay
circuit out of horizontal video start positions detected
within one field and a horizontal video end position far-
thest from a horizontal period start position specified by
the horizontal synchronizing signal outputted from the
delay circuit out of horizontal video end positions detect-
ed within one field, the number of sampling clocks cor-
responding to the distance between the horizontal video
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start position and the horizontal video end position of
the input video signal for the field; phase adjustment
means for changing an amount of delay set in the delay
circuit a predetermined amount at a time for each field,
to change the phase of the sampling clocks a predeter-
mined amount at a time for the field, holding as a first
amount of delay the amount of delay set in the delay
circuit in the field in a case where the number of sam-
pling clocks calculated by the calculation means is
changed in such a direction as to be decreased and
holding as a second amount of delay the amount of de-
lay set in the delay circuit in the field in a case where
the number of sampling clocks calculated by the calcu-
lation means is changed in such a direction as to be in-
creased, and calculating the average sum of the first
amount of delay and the second amount of delay, to set
the amount of delay set in the delay circuit to the ob-
tained average sum; judgment means for judging for
each field whether or not the width of a region where
input video exists is smaller than the number of horizon-
tal effective pixels on the basis of the result of the cal-
culation by the calculation means; and means for stop-
ping, when itis judged that the width of the region where
the input video exists is smaller than the number of hor-
izontal effective pixels, a phase adjustment operation
based on the number of sampling clocks found in the
field.

[0033] Afourth pixel corresponding display device ac-
cording to the present invention is characterized by
comprising a delay circuit, whose amount of delay is var-
iable, for delaying and outputting a horizontal synchro-
nizing signal of an input video signal; a clock generation
circuit for generating sampling clocks which are syn-
chronized with the horizontal synchronizing signal out-
putted from the delay circuit; an analog-to-digital con-
verter for sampling the input video signal on the basis
of the sampling clocks generated from the clock gener-
ation circuit; a detection circuit for comparing video data
outputted from the analog-to-digital converter with a pre-
determined threshold value, to detect a horizontal video
start position and a horizontal video end position on
each of horizontal lines; a calculation circuit for calcu-
lating, on the basis of a horizontal video start position
closest to a horizontal period start position specified by
the horizontal synchronizing signal outputted from the
delay circuit out of horizontal video start positions de-
tected within one field and a horizontal video end posi-
tion farthest from a horizontal period start position spec-
ified by the horizontal synchronizing signal outputted
from the delay circuit out of horizontal video end posi-
tions detected within one field, the number of sampling
clocks corresponding to the distance between the hori-
zontal video start position and the horizontal video end
position of the input video signal for the field; a phase
adjustment circuit for changing an amount of delay set
in the delay circuit a predetermined amount at a time for
each field, to change the phase of the sampling clocks
a predetermined amount at a time for the field, holding
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as a first amount of delay the amount of delay set in the
delay circuit in the field in a case where the number of
sampling clocks calculated by the calculation means is
changed in such a direction as to be decreased and
holding as a second amount of delay the amount of de-
lay set in the delay circuit in the field in a case where
the number of sampling clocks calculated by the calcu-
lation circuit is changed in such a direction as to be in-
creased, and calculating the average sum of the first
amount of delay and the second amount of delay, to set
the amount of delay set in the delay circuit to the ob-
tained average sum; a judgment circuit for judging for
each field whether or not the width of a region where
input video exists is smaller than the number of horizon-
tal effective pixels on the basis of the result of the cal-
culation by the calculation means; and a circuit for stop-
ping, when it is judged that the width of the region where
the input video exists is smaller than the number of hor-
izontal effective pixels, a phase adjustment operation
based on the number of sampling clocks found in the
field.

[0034] The foregoing and other objects, features, as-
pects and advantages of the present invention will be-
come more apparent from the following detailed de-
scription of the present invention when taken in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0035]

Figs. 1a and 1b are timing charts showing XGA vid-
eo signals which differ in the total of horizontal dots;
Fig. 2 is a block diagram showing the entire config-
uration of a liquid crystal display device;

Fig. 3 is a block diagram showing the configuration
of a sampling clock control circuit according to a first
embodiment;

Fig. 4 is a schematic view showing a threshold value
for end position judgment which is set by the first
embodiment;

Fig. 5 is a schematic view showing a conventional
threshold value for end position judgment;

Fig. 6 is a timing chart for explaining the operation
of a threshold value control unit 67;

Fig. 7 is a block diagram showing the configuration
of a sampling clock adjustment circuit according to
a second embodiment;

Figs. 8a, 8b, and 8c are schematic views showing
a horizontal video start position, a horizontal video
end position, and horizontal effective pixels which
correspond to each type of input signal;

Fig. 9 is a block diagram showing the configuration
of a clock phase detection circuit; and

Fig. 10 is an illustration for explaining the principle
for detecting the best point of the phase of sampling
clocks.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[1] Description of First Embodiment

[0036] Referring now to Figs. 2 to 6, a first embodi-
ment of the present invention will be described.

[0037] Fig. 2 illustrates the entire configuration of a
liquid crystal display device.

[0038] The levels of XGA video signals R, G, and B
fed from a computer (hereinafter referred to as PC) 10
are respectively adjusted so as to conform to the input
conditions of analog-to-digital (A/D) converters 2R, 2G,
and 2B in the succeeding stage by level adjustment
units 1R, 1G, and 1B. The video signals R, G, and B
whose levels have been adjusted are respectively con-
verted into digital video data R, G, and B by the A/D
converters 2R, 2G, and 2B, and the digital video data
are then respectively fed to number-of-scan lines con-
version circuits 3R, 3G, and 3B.

[0039] Inthe number-of-scan lines conversion circuits
3R, 3G, and 3B, the respective scan lines of the video
data R, G, and B are converted so as to be adaptable
to liquid crystal panels 7R, 7G, and 7B. Outputs of the
number-of-scan lines conversion circuits 3R, 3G, and
3B are respectively converted into analog video signals
R, G, and B by digital-to-analog (D/A) converters 4R,
4G, and 4B.

[0040] The video signals R, G, and B outputted from
the D/A converters 4R, 4G, and 4B are respectively fed
to the liquid crystal panels 7R, 7G, and 7B through a
chrominance signal driver 5 and sample-and-hold cir-
cuits 6R, 6G, and 6B.

[0041] A timing signal is fed from a timing controller
30 to the number-of-scan lines conversion circuits 3R,
3G, and 3B, the chrominance signal driver 5, the sam-
ple-and-hold circuits 6R, 6G, and 6B, and the liquid crys-
tal panels 7R, 7G, and 7B. Sampling clocks fed to the
A/D converters 2R, 2G, and 2B and the D/A converters
4R, 4G, and 4B are generated by a sampling clock ad-
justment circuit 40. The timing controller 30 and the
sampling clock adjustment circuit 40 are controlled by a
CPU 20.

[0042] Fig. 3 illustrates the configuration of the sam-
pling clock adjustment circuit 40.

[0043] The sampling clock adjustment circuit 40 is
constituted by a PLL (Phase-Locked Loop) circuit 50 for
outputting sampling clocks on the basis of a horizontal
synchronizing signal (an H signal) of an input video sig-
nal inputted from the computer 10, a total-of-horizontal
dots detection circuit 60 for adjusting the frequency of
the sampling clocks outputted from the PLL circuit 50,
and a phase control circuit 70 for controlling the phase
of the sampling clocks outputted from the PLL circuit 50.
[0044] The phase control circuit 70 comprises a fixed
oscillator 71, a clock frequency conversion unit 72 for
detecting the frequency of the sampling clocks, a delay
data generation unit 73 for determining the amount of
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unit delay on the basis of the frequency of the sampling
clocks detected by the clock frequency conversion unit
72, and a delay circuit 74 for delaying the phase of the
horizontal synchronizing signal on the basis of the
amount of unit delay determined by the delay data gen-
eration unit 73.

[0045] The PLL circuit 50 comprises a phase detec-
tionunit51, an LPF (Low Pass Filter) 52,a VCO (Voltage
Controlled Oscillator) 53, and a frequency divider 54, as
is well known. The phase detection unit 51 outputs a
detection signal corresponding to the phase difference
between the horizontal synchronizing signal fed through
the delay circuit 74 and an output signal of the frequency
divider 54. The LPF 52 integrates the detection signal
from the phase detection unit 51. Sampling clocks hav-
ing a frequency corresponding to the detection signal
integrated by the LPF 52 are outputted to the VCO 53.
The frequency divider 54 divides the frequency of the
sampling clocks outputted from the VCO 53 on the basis
of data representing a frequency division ratio (herein-
after referred to as frequency division ratio data) from
the total-of-horizontal dots detection circuit 60 (total-of-
horizontal dots detection data).

[0046] The total-of-horizontal dots detection circuit 60
comprises a horizontal video start/end detection circuit
61, an H counter 62, a maximum hold unit 63, a sub-
tracter 64, a comparator 65, a CPU 66, and a threshold
value control unit 67.

[0047] When a command to start the adjustment of
the frequency of the sampling clocks is entered into the
CPU 66, the CPU 66 outputs a command to start the
detection of the total number of horizontal dots (herein-
after referred to as a total-of-horizontal dots detection
start command). The total-of-horizontal dots detection
start command is fed to the comparator 65. The compa-
rator 65 is rendered active when it receives the total-of-
horizontal dots detection start command.

[0048] The sampling clocks corresponding to the A/D
converters 2R, 2G, and 2B are generated by the PLL
circuit 50. A horizontal synchronizing signal correspond-
ing to an input video signal is fed to the PLL circuit 50
through a delay circuit 74 in the phase control circuit 70.
The PLL circuit 50 generates the sampling clocks on the
basis of the horizontal synchronizing signal outputted
from the delay circuit 74. The frequency of the sampling
clocks is adjusted by the frequency division ratio data
from the CPU 66 in the total-of-horizontal dots detection
circuit 60. The phase of the sampling clocks is adjusted
by changing the amount of delay in the delay circuit 74.
[0049] The digital data R, G, B respectively obtained
by the A/D converters 2R, 2G, and 2B are fed to the
horizontal video start/end detection circuit 61.

The horizontal video start/end detection circuit 61 is pro-
vided to detect a horizontal video start position and a
horizontal video end position for each of the horizontal
lines on the basis of the output data of the A/D convert-
ers 2R, 2G, and 2B,

[0050] Specifically, the horizontal video start/end de-
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tection circuit 61 outputs, when each of the inputted data
R, G, and B is changed from a level lower than a prede-
termined threshold value for start position judgment to
a level higher than the threshold value for start position
judgment, a horizontal video start signal composed of a
pulse signal corresponding to one sampling clock. After
the horizontal video start signal is outputted by changing
the inputted data from the level lower than the threshold
value for start position judgment to the level higher than
the threshold value for start position judgment, however,
when the inputted data is maintained at the level higher
than the threshold value for start position judgment, no
horizontal video start signal is outputted. After the hori-
zontal video start signal is outputted, when the inputted
data is lower than the threshold value for start position
judgment and then, exceeds the threshold value for start
position judgment again, the horizontal video start signal
is outputted again.

[0051] The horizontal video start/end detection circuit
61 outputs, when each of the inputted data R, G, and B
is changed from a level higher than a predetermined
threshold value for end position judgment to a level low-
er than the threshold value for end position judgment, a
horizontal video end signal composed of a pulse signal
corresponding to one sampling clock. The horizontal
video start signal and the horizontal video end signal
which are outputted from the horizontal video start/end
detection circuit 61 are fed to the H counter 62.

[0052] When alarge value is set as the threshold val-
ue for start position judgment or for end position judg-
ment, data having a low luminance cannot be read.
When a small value is set as the threshold value, noises
may be read as data. Therefore, such a small value as
to be slightly larger than the value of the noises is set
as the threshold value. In the present embodiment, the
threshold value for start position judgment which is used
for detecting the horizontal video start position is fixed.
However, the threshold value for end position judgment
which is used for detecting the horizontal video end po-
sition is changed depending on the input video signal
level by the threshold value control unit 67. The details
of the operation of the threshold value control unit 67
will be described later.

[0053] The H counter 62 is reset every time the hori-
zontal synchronizing signal is inputted from the delay
circuit 74. The H counter 62 counts the number of sam-
pling clocks inputted to the H counter 62. The H counter
62 feeds, when the horizontal video start signal is fed
from the horizontal video start/end detection circuit 61,
a count value at that time (the number of sampling
clocks from the time point where the horizontal synchro-
nizing signal from the delay circuit 74 is inputted to the
time point where the horizontal video start signal is in-
putted) as a horizontal video start count value (11 bits)
to the maximum hold unit 63.

[0054] The H counter 62 feeds, when the horizontal
video end signal is fed from the horizontal video start/
end detection circuit 61, a count value at that time (the
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number of sampling clocks from the time point where
the horizontal synchronizing signal from the delay circuit
74 is inputted to the time point where the horizontal vid-
eo end signal is inputted) as a horizontal video end count
value (11 bits) to the maximum hold unit 63.

[0055] The maximum hold unit 63 holds the minimum
value of horizontal video start count values inputted to
the maximum hold unit 63. The operation shall be re-
ferred to as a minimum value holding operation. The
horizontal video start count value held in the maximum
hold unit 63 is initialized to an initial value (for example,
"2047") when a vertical synchronizing signal (a V signal)
is inputted.

[0056] Furthermore, the maximum hold unit 63 holds
the maximum value of horizontal video end count val-
ues. The operation shall be referred to as a maximum
value holding operation. The horizontal video end count
value held in the maximum hold unit 63 is initialized to
an initial value (for example, "0") when the vertical syn-
chronizing signal (the V signal) is inputted.

[0057] The maximum hold unit 63 feeds the horizontal
video start count value and the horizontal video end
count value which are held to the subtracter 64. The sub-
tracter 64 calculates the difference between the horizon-
tal video start count value and the horizontal video end
count value (the horizontal video end count value - the
horizontal video start count value) which are fed from
the maximum hold unit 63, and feeds the result of the
operation to the comparator 65.

[0058] The comparator 65 judges, every time the ver-
tical synchronizing signal (the V signal) is inputted,
whether or not the result of the operation fed from the
subtracter 64 coincides with a reference value. More
specifically, it is judged whether or not the result of the
subtraction fed from the subtracter 64 coincides with the
number of horizontal effective dots composing the input
video signal or a value larger than the number by one.
In the following description, the type of the input video
signal shall be an XGA video signal. In this case, the
comparator 65 judges whether or not the result of the
subtraction fed from the subtracter 64 coincides with the
number of horizontal effective dots "1024" composing
the XGA video signal or "1025" larger than the number
by one.

[0059] When the result of the subtraction does not co-
incide with "1024" or "1025", a coincidence/non-coinci-
dence judgment signal is brought into an L level. When
the result of the subtraction coincides with both "1024"
and "1025", the coincidence/non-coincidence judgment
signal is brought into an H level.

[0060] The result of the subtraction by the subtracter
64 is fed to the CPU 66 through the comparator 65. The
coincidence/non-coincidence judgment signal from the
comparator 65 is also fed to the CPU 66. The coinci-
dence/ non-coincidence judgment signal from the com-
parator 65 is also fed to the delay data generation unit
73.

[0061] The CPU 66 calculates the total of horizontal
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dots on the basis of the following equation (1):

[0062] Total of horizontal dots = number of horizontal
effective dots X (current frequency division ratio/result
of subtraction) - (1)

[0063] The total of horizontal dots which has been cal-
culated by the CPU 66 is inputted to the frequency di-
vider 54 as frequency division ratio data. A default value
of the total of horizontal dots is set at the time of initial
setting. As the default value, a value close to a general
total of horizontal dots composing the XGA video signal,
for example, "1225" is set.

[0064] When the result of the subtraction coincides
with "1024" or "1025" by performing such an operation,
the coincidence/non-coincidence judgment signal is
changed into an H level.

[0065] The delay data generation unit 73 controls,
when the coincidence/non-coincidence judgment signal
enters an H level, the delay circuit 74 such that the hor-
izontal synchronizing signal is delayed in several nano
units every time the vertical synchronizing signal (the V
signal) is inputted in order to perform fine adjustment,
as described later. Also in this case, the maximum hold
unit 63, the subtracter 64, the comparator 65, and so
forth perform the same operations as described above.
Atthe time of the fine adjustment, when the coincidence/
non-coincidence judgment signal enters an L level, that
is, when the result of the subtraction is changed, the
CPU 66 calculates the total of horizontal dots on the ba-
sis of the foregoing equation (1), to update the frequency
division ratio data.

[0066] When the total of delay values reaches a pre-
determined value corresponding to not less than one
sampling clock, the delay data generation unit 73 stops
delay control, and feeds a command to end the detec-
tion of the total of horizontal dots (hereinafter referred
to as a total-of-horizontal dots detection end command)
to the CPU 66. The CPU 66 stores, when it receives the
total-of-horizontal dots detection end command, the fre-
quency division ratio data such that the frequency divi-
sion ratio data is not changed, and feeds the total-of-
horizontal dots detection end command to the compa-
rator 65. The comparator 65 is rendered inactive when
it receives the total-of-horizontal dots detection end
command.

[0067] As described in the foregoing, delay control
(fine adjustment) is carried out after the result of the sub-
traction by the subtracter 64 coincides with "1024" or
"1025" from the following reasons. The waveform of an
analog signal before sampling (A/D conversion) is dull,
for example. Accordingly, the difference between the
horizontal video start count value and the horizontal vid-
eo end count value tends to be slightly larger than an
actual number of dots "1024".

[0068] Even if the frequency of the sampling clocks is
correct, therefore, it is considered that there are a case
where the difference between the horizontal video start
count value and the horizontal video end count value is
"1024" and a case where it is "1025" depending on the
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phase of the sampling clocks based on the horizontal
synchronizing signal.

[0069] When the difference between the horizontal
video start count value and the horizontal video end
count value is "1024" or "1025", it is considered that the
frequency of the sampling clocks is suitable. In a case
where it is judged that the difference between the hori-
zontal video start count value and the horizontal video
end count value is "1025", however, when the phase of
the sampling clocks is changed, the difference between
the horizontal video start count value and the horizontal
video end count value may be "1026".

[0070] After it is judged that the difference between
the horizontal video start count value and the horizontal
video end count value is "1024" or "1025", the phase of
the sampling clocks is changed within a predetermined
range. Even if the difference between the horizontal vid-
eo start count value and the horizontal video end count
value is "1026", fine adjustment is performed such that
the frequency of the sampling clocks is reduced.
[0071] The clock frequency conversion unit 72 gener-
ates a reference clock signal having a predetermined
period width by dividing the frequency of clocks gener-
ated from the fixed oscillator 71. A counter reset at the
leading edge of the reference clock signal and counting
the sampling clocks outputted from the VCO 53 is pro-
duced, to find a count value from the time when the
counter is reset to the time when it is then reset.
[0072] The count value and the frequency of the sam-
pling clocks are in a proportional relationship. The high-
er the count value is, the higher the frequency of the
sampling clocks is. Since the period of the reference
clock signal is found, the frequency of the sampling
clocks is found from the count value and the reference
clock signal. The longer the period of the reference clock
signal is, the higher the precision is. An object is not to
find the accurate frequency of the sampling clocks but
to find a unit amount of delay. Accordingly, approximate-
ly 30 pu sec is sufficient as the period of the reference
clock signal.

[0073] When the frequency of the sampling clocks is
found by the clock frequency conversion unit 72, the de-
lay data generation unit 73 finds the period T of the sam-
pling clocks, to determine the unit amount of delay by
the number of times of delay N previously set. That is,
a unit amount of delay Ad is found on the basis of the
following equation (2):

Ad=T/NN ()

[0074] Itis assumed that the number of times of delay
N is set to eight. When the frequency of the sampling
clocks which is calculated by the clock frequency con-
version unit 72 is 20 MHZ (the period is 50 [ns]), for ex-
ample, the unit amount of delay is 6.25 [ns]. The delay
data generation unit 73 controls, every time a vertical
signal is inputted, an amount of delay in the delay circuit
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74 such that the phase of the horizontal synchronizing
signal outputted from the delay circuit 74 is shifted 6.25
[ns] at a time.

[0075] When the frequency of the sampling clocks
which has been calculated by the clock frequency con-
version unit 72 is 125 MHZ (the period is 8 [ns]), for ex-
ample, the unit amount of delay is 1 [ns] . The delay data
generation unit 73 controls, every time the vertical signal
is inputted, the amount of delay in the delay circuit 74
such that the phase of the horizontal synchronizing sig-
nal outputted from the delay circuit 74 is shifted 1 [ns]
at a time.

[0076] The sampling clock adjustment circuit is char-
acterized in that the threshold value for end position
judgment which is used in the horizontal video start/end
detection circuit 61 is changed depending on the level
of the input video signal, thereby shortening the detec-
tion time without degrading the precision. The charac-
teristics will be described below.

[0077] Fig.4 illustrates a horizontal video effective pe-
riod (the number of horizontal effective dots) detected
by the sampling clock adjustment circuit according to the
above-mentioned embodiment.

[0078] Fig. 5illustrates a horizontal video effective pe-
riod (the number of horizontal effective dots) detected
by the conventional sampling clock adjustment circuit.

[0079] In Figs. 4 and 5, a signal (a) indicates an ideal
analog input video signal which is not dull. A signal (b)
or a signal (c) indicates an actual analog input video sig-
nal which is dull. As indicated by the signal (b) or (c),
the dullness appears more significantly at the time of the
fall than that at the time of the rise. THs and THe respec-
tively indicate a threshold value for start position judg-
ment and a threshold value for end position judgment.

[0080] Inthe conventional sampling clock adjustment
circuit, the threshold value for start position judgment
THs and the threshold value for end position judgment
THe are the same, as shown in Fig. 5. The threshold
values are set to small values in conformity with a case
where the input video signal is a signal having a low lu-
minance. Accordingly, horizontal video effective periods
L1 and L2 actually detected are significantly longer than
a theoretical value L in the horizontal video effective pe-
riod. That is, the detection precision of the number of
horizontal effective dots is lowered. Even if the detection
precision of the number of horizontal effective dots is
lowered, an adjustment unit at the time of fine phase
adjustment must be fine in order to generate sampling
clocks having as suitable a frequency as possible with
respect to the input video signal, so that a time period
required for the fine adjustment is lengthened.

[0081] Contrary to this, in the sampling clock adjust-
ment circuit in the above-mentioned embodiment, the
threshold value for end position judgment THe which is
used for detecting the horizontal video end position is
changed depending on the level of the input video sig-
nal, as shown in Fig. 4. Therefore, the threshold value
for end position judgment THe need not be set in con-
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formity with a case where the input video signal is a sig-
nal having a low luminance, and can be set to a large
value. As a result, horizontal video effective periods L1
and L2 which are actually detected are values close to
the theoretical value L in the horizontal video effective
period than that in the conventional example.

[0082] This means thatthe necessity of fine phase ad-
justment is reduced and the adjustment unit at the time
of fine phase adjustment can be reduced, thereby mak-
ing it possible to improve the adjustment precision as
well as to shorten the adjustment time.

[0083] The operations of the threshold value control
unit 67 for controlling the threshold value for end position
judgment THe will be described in detail.

[0084] A horizontal synchronizing signal (an H signal)
and a vertical synchronizing signal (a V signal) of the
input video signal, output signals of the A/D converters
2R, 2G, and 2B, a horizontal video end signal from the
horizontal video start/end detection circuit 61, a horizon-
tal video end count value from the H counter 62, and a
horizontal video end count value from the maximum
hold unit 63 are inputted to the threshold value control
unit 67.

[0085] The threshold value control unit 67 updates for
each vertical period the threshold value for end position
judgment THe which is used in the horizontal video start/
end detection circuit 61 on the basis of the level of the
input video signal in a case where the video end count
value is the maximum within the vertical period. The op-
eration of the threshold value control unit 67 is started
before the operation for detecting the total of horizontal
dots is started.

[0086] A method of detecting the threshold value for
end position judgment THe will be described using Fig.
6.

[0087] Athreshold value calculated on the basis of the
horizontal video end position detected by the horizontal
video start/end detection circuit 61 within one vertical
period shall be referred to as an intermediate threshold
value. The threshold value for end position judgment
THe is updated for each vertical period on the basis of
an intermediate threshold value which has been calcu-
lated in the previous vertical period. The intermediate
threshold value and the initial value of the threshold val-
ue for end position judgment THe shall be set to "40h"
in hexadecimal. The intermediate threshold value is in-
itialized so as to be an initial value every time the vertical
synchronizing signal (the V signal) is outputted.

[0088] In principle, video data (outputs of the A/D con-
verters 2R, 2G, and 2B) in a case where the horizontal
video end position is detected by the horizontal video
start/end detection circuit 61 for each horizontal period
are acquired, and are stored as video end position data,
to update the intermediate threshold value on the basis
of the video end position data. The intermediate thresh-
old value is set to a value which is one-half the video
data, letting its minimum value be 40 h. The initial value
of the video end position data is "00h", and the video
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end position data is initialized so as to be an initial value
every time the vertical synchronizing signal is outputted.
[0089] There are exceptions, described below. As
shown in Fig. 6, when an video end count value corre-
sponding to the horizontal video end position detected
by the horizontal video start/end detection circuit 61 is
smaller than the video end count value held by the max-
imum hold unit 63, the detected horizontal video end po-
sition is not a true horizontal video end position, so that
the acquired video data is not stored as video end po-
sition data. That is, the intermediate threshold value is
not updated in this case.

[0090] When the vertical synchronizing signal is out-
putted, the intermediate threshold value held at that time
point is outputted to the horizontal video start/end de-
tection circuit 61 as the threshold value for end position
judgment THe, and the intermediate threshold value
and the video end position data are returned to their in-
itial values.

[0091] By repeating the above-mentioned operations,
the threshold value for end position judgment THe is up-
dated every time the vertical synchronizing signal (the
V signal) is outputted.

[2] Description of Second Embodiment

[0092] Referring now to Figs. 7 to 10, a second em-
bodiment of the present invention will be described.
[0093] The entire configuration of a liquid crystal dis-
play device is the same as that in the first embodiment
(Fig. 2).

[0094] Fig. 7 illustrates the configuration of a sampling
clock adjustment circuit 40 (see Fig. 2).

[0095] Thelevels of video signals R, G, and B inputted
to a liquid crystal display device from a computer 10 are
respectively adjusted so as to conform to the input con-
ditions of analog-to-digital (A/D) converters 2R, 2G, and
2B by level adjustment units 1R, 1G, and 1B. The sig-
nals R, G, and B whose levels have been adjusted are
respectively converted into digital data R, G, and B by
the A/D converters 2R, 2G, and 2B.

[0096] Sampling clocks corresponding to the A/D con-
verters 2R, 2G, and 2B are generated by a clock gen-
eration circuit (a PLL circuit) 92. A horizontal synchro-
nizing signal corresponding to an input video signal is
fed to the clock generation circuit 92 through a horizontal
synchronizing signal delay circuit 91. The clock gener-
ation circuit 92 generates the sampling clocks on the ba-
sis of the horizontal synchronizing signal outputted from
the horizontal synchronizing signal delay circuit 91. The
phase of the sampling clocks is adjusted by changing
the amount of delay set in the horizontal synchronizing
signal delay circuit 91.

[0097] The digital data R, G, and B obtained by the A/
D converters 2R, 2G, and 2B are fed to a horizontal vid-
eo start/end detection circuit 81. The horizontal video
start/end detection circuit 81 is provided to detect a hor-
izontal video start position and a horizontal video end
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position for each of horizontal lines on the basis of the
data outputted from the A/D converters 2R, 2G, and 2B.
[0098] Specifically, the horizontal video start/end de-
tection circuit 81 outputs, when each of the inputted data
R, G, and B is changed from a level lower than a prede-
termined first threshold value (an video slice level) to a
level higher than the first threshold value, a horizontal
video start signal composed of a pulse signal corre-
sponding to one sampling clock. After the horizontal vid-
eo start signal is outputted by changing the inputted data
from the level lower than the first threshold value to the
level higher than the first threshold value, however,
when the inputted data is maintained at the level higher
than the first threshold value, no horizontal video start
signal is outputted. After the horizontal video start signal
is outputted, when the inputted data is lower than the
first threshold value and then, exceeds the first thresh-
old value again, the horizontal video start signal is out-
putted again.

[0099] The horizontal video start/end detection circuit
81 outputs, when each of the inputted data R, G, and B
is changed from a level higher than a predetermined
second threshold value to a level lower than the second
threshold value, a horizontal video end signal composed
of a pulse signal corresponding to one sampling clock.
The horizontal video start signal and the horizontal video
end signal which are outputted from the horizontal video
start/end detection circuit 81 are fed to the maximum
hold unit 83.

[0100] When large values are respectively set as the
first and second threshold values, data having a low lu-
minance cannot be read. When small values are respec-
tively set as the first and second threshold values, nois-
es may be read as data. Therefore, such small values
as to be slightly larger than the value of the noises are
respectively set as the first and second threshold val-
ues.

[0101] An H counter 82 counts the number of sam-
pling clocks inputted to the H counter 82. The H counter
82 is reset every time the horizontal synchronizing sig-
nal is inputted from the horizontal synchronizing signal
delay circuit 91. Consequently, the H counter 82 counts
the number of sampling clocks outputted from the clock
generation circuit 92 for each horizontal period. A count
value of the H counter 82 is fed to a maximum hold unit
83.

[0102] The maximum hold unit 83 holds the minimum
value of count values of the H counter 82 in a case where
a horizontal video start signal is inputted (hereinafter re-
ferred to as a horizontal video start count value). The
maximum hold unit 83 holds the maximum value of
count values of the H counter 82 in a case where a hor-
izontal video end signal is inputted (hereinafter referred
to as a horizontal video end count value). The maximum
hold unit 83 feeds for each field the horizontal video start
count value and the horizontal video end count value to
a subtracter 84. The maximum hold unit 83 is reset for
each field.
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[0103] The subtracter 84 calculates for each vertical
period the difference between the horizontal video start
count value and the horizontal video end count value
which are fed for each field from the maximum hold unit
83, and outputs the result of the operation to an absolute
value circuit 85. The absolute value circuit 85 outputs
the absolute value of the result of the operation obtained
by the subtracter 84.

[0104] An output of the absolute value circuit 85 is fed
to a field integration averaging circuit 86, a clock fre-
quency detection circuit 88, and a clock phase detection
circuit 89.

[0105] The clock frequency detection circuit 88 is a
circuit for detecting whether or not the frequency of the
sampling clocks is the most suitable value at the time of
automatically adjusting the frequency of the sampling
clocks. The clock frequency detection circuit 88 com-
pares an output value of the absolute value circuit 85
with a predetermined number of horizontal effective pix-
els, to instruct a CPU 90 to increase the frequency of
the sampling clocks if the output value of the absolute
value circuit 85 is smaller than the number of horizontal
effective pixels, while instructing the CPU 90 to de-
crease the frequency of the sampling clocks if the output
value of the absolute value circuit 85 is larger than the
number of horizontal effective pixels.

[0106] The CPU 90 controls the clock generation cir-
cuit 92 in response to the instruction from the clock fre-
quency detection circuit 88. Consequently, the frequen-
cy of the sampling clocks is adjusted such that the output
value of the absolute value circuit 85 coincides with the
number of horizontal effective pixels.

[0107] The clock phase detection circuit 89 is a circuit
for detecting whether or not the phase of the sampling
clocks is in the most suitable state at the time of auto-
matically adjusting the phase of the sampling clocks.
The clock phase detection circuit 89 changes for each
field the amount of delay in the horizontal synchronizing
signal delay circuit 91 a predetermined amount at a time,
and detects the best point of the phase of the clocks on
the basis of the change in the difference between the
horizontal video start count value and the horizontal vid-
eo end count value, to issue an instruction to the CPU
90.

[0108] The CPU 90 controls the amount of delay in
the horizontal synchronizing signal delay circuit 91 in re-
sponse to the instruction from the clock phase detection
circuit 89, to adjust the phase of the sampling clocks.
The details of the clock phase detection circuit 89 will
be described later.

[0109] The field integration averaging circuit 86 in-
creases the reliability of the result of the output of the
absolute value circuit 85, and calculates for each field
the average of output values of the absolute value circuit
85 in order to prevent an erroneous operation from being
immediately performed by noises or the like. Thatis, out-
put values for horizontal lines which are outputted from
the absolute value circuit 85 in one field are added, and
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the result of the addition is divided by the number of hor-
izontal lines, thereby calculating the average of the out-
put values of the absolute value circuit 85 per field.
[0110] The average of the output values of the abso-
lute value circuit 85 per field which are outputted from
the field integration averaging circuit 86 is fed to a dis-
play region narrow video detection circuit 87. The dis-
play region narrow video detection circuit 87 compares
the average fed from the field integration averaging cir-
cuit 86 with a reference value, to judge whether the input
video is narrow video (including a screen saver image)
or normal video. The narrow video means such video
that the width of a region where the video exists is small-
er than the number of horizontal effective pixels. As the
reference value, a value smaller by a predetermined
number than the number of horizontal effective pixels is
used.

[0111] The result of the judgment by the display re-
gion narrow video detection circuit 87 is fed to the CPU
90. At the time of automatically adjusting the clock fre-
quency, the CPU 90 performs a clock frequency adjust-
ment operation for the clock generation circuit 92 when
the narrow video is not detected by the display region
narrow video detection circuit 87, while stopping the
clock frequency adjustment operation when the narrow
video is detected by the display region narrow video de-
tection circuit 87.

[0112] Similarly, at the time of automatically adjusting
the phase of the clocks, the CPU 90 performs a clock
phase adjustment operation for the horizontal synchro-
nizing signal delay circuit 91 when the narrow video is
not detected by the display region narrow video detec-
tion circuit 87, while stopping the clock phase adjust-
ment operation for the horizontal synchronizing signal
delay circuit 91 when the narrow video is detected by
the display region narrow video detection circuit 87.
[0113] The display region narrow video detection cir-
cuit 87 is characterized not by merely detecting moving
video but in that it is possible to judge video whose hor-
izontal video start position and horizontal video end po-
sition which are information required to adjust sampling
clocks are difficult to detect and particularly, a lot of nar-
row videos which are seen on the screen saver image.
Of course, it is clear that a horizontal RAMP image and
a solid black image can be detected as narrow videos.
[0114] In a case where a normal video signal as
shown in Fig. 8a is inputted, when Th1 is taken as a first
threshold value and Th2 is taken as a second threshold
value, an output value (the difference between the hor-
izontal video start count value and the horizontal video
end count value) X outputted from the absolute value
circuit 85 coincides with the number of horizontal effec-
tive pixels.

[0115] Even when a video signal which changes
across two threshold levels is inputted within a horizon-
tal effective video period, as shown in Fig. 8b, a hori-
zontal video start count value corresponding to a hori-
zontal video start position first detected and a horizontal
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video end count value corresponding to a horizontal vid-
eo end position finally detected are held by the maxi-
mum hold unit 83. Accordingly, the output value X out-
putted from the absolute value circuit 85 coincides with
the number of horizontal effective pixels.

[0116] When a video signal representing a horizontal
RAMP image as shown in Fig. 8c is inputted, the video
signal has no sharp edge for specifying a horizontal vid-
eo start position and is easily affected by noises. Ac-
cordingly, the horizontal video start position becomes
unstable. Consequently, the output value (the difference
between the horizontal video start count value and the
horizontal video end count value) X outputted from the
absolute value circuit 85 is smaller than the number of
horizontal effective pixels, so that accurate clock adjust-
ment cannot be performed. When such a horizontal
RAMP image is inputted, the display region narrow vid-
eo detection circuit 87 detects the inputted video as nar-
row video, so that the clock adjustment operation is
stopped.

[0117] Description is made of the clock phase detec-
tion circuit 89. At the time of automatic clock phase ad-
justment, the clock phase detection circuit 89 changes
for each field the amount of delay in the horizontal syn-
chronizing signal delay circuit 91 a predetermined
amount at a time, to detect the best point of the phase
of the clocks on the basis of the change in the difference
between the horizontal video start count value and the
horizontal video end count value.

[0118] Description is made of the principle for detect-
ing the best point of the phase of the clocks on the basis
of Fig. 10.

[0119] Fig. 10 (a) shows how the relationship between
pixels composing an input video signal and the phase
of the clocks enters a data stable state or a data unstable
state when the phase of the clocks is changed.

[0120] A point a is the best point of the phase of the
clocks and is a point at which video data sampled by the
A/D converters 2R, 2G, and 2B are best stabilized.
When the phase of the clocks is gradually shifted from
the point a, the data sampled by the A/D converters 2R,
2G, and 2B are unstable and are most unstable at a
point b.

[0121] Fig. 10 (a) shows an example in which an SIN
waveform is used as a change curve representing a data
stable state in order to make understanding easy, and
a point having a phase of 90 degrees is taken as the
best point. However, the change curve is changed by
setting the frequency of the clocks, the amount of clock
jitter, and the video slice level. In the change curve rep-
resenting the data stable state, however, the vicinity of
the point a which is the best point is always a smooth
curve. Accordingly, it can be understood that the vertex
of the curve, that is, the best point a is difficult to find.
[0122] Fig. 10 (b) shows how the absolute value of the
difference between the horizontal video start count val-
ue and the horizontal video end count value changes in
a case where the phase of the clocks is changed in the
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forward direction.

[0123] As can be seen from Fig. 10 (b), the absolute
value decreases from the previous value (x + 1) to x at
a point m, while increasing from the previous value x to
(x + 1) at a point n. The peculiar points m and n at which
the absolute value changes are positioned an equal dis-
tance apart, centered at the best point a.

[0124] As shown in Fig. 10 (c), the absolute value in
the vicinity of the point b at which the phase of the clocks
is unstable is (x + 1), as compared with the absolute
value x in the vicinity of the best point a of the phase of
the clocks. If an intermediate point between the point m
and the point n which are within a range in which the
absolute value is x and are the peculiar points is found,
therefore, the best point a of the phase of the clocks can
be found.

[0125] Fig. 9 illustrates the configuration of the clock
phase detection circuit.

[0126] An automatic phase adjustment timing gener-
ation circuit 104 outputs an automatic adjustment start
signal in cases such as a case where it is detected that
an input signal to a liquid crystal display device, for ex-
ample, is switched or a case where an automatic adjust-
ment command is entered by an operator.

[0127] A default value is initially set in a clock phase
setting counter 103. When an automatic adjustment
start signal is inputted, the count value of the clock
phase setting counter 103 is incremented by one for
each vertical blacking period of the input video signal.
Although a switching circuit 108 is always switched to-
ward a contact a, it is switched toward a contact b at the
time of automatic adjustment.

[0128] The count value of the clock phase setting
counter 103 is inputted to the CPU 90 through the
switching circuit 108. The CPU 90 feeds, when a narrow
video is not detected by the display region narrow video
detection circuit 87, the count value of the clock phase
setting counter 103 which has been fed from the switch-
ing circuit 108 to the horizontal synchronizing signal de-
lay circuit 91.

[0129] The horizontal synchronizing signal delay cir-
cuit 91 delays the horizontal synchronizing signal by an
amount of delay corresponding to the count value of the
clock phase setting counter 103 which has been fed
from the CPU 90.

[0130] A first change point detection circuit 101 de-
tects a first change point (the point m in Fig. 10 (a)) at
which the absolute value outputted from the absolute
value circuit 85 decreases from the previous value. A
first clock phase hold circuit 105 holds the count value
of the clock phase setting counter 103 which has been
set in the horizontal synchronizing signal delay circuit
91 in a field where the first change point is detected by
the first change point detection circuit 101.

[0131] A second change point detection circuit 102
detects a second change point (the point n in Fig. 10
(a)) at which the absolute value outputted from the ab-
solute value circuit 85 increases from the previous val-
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ue. A second clock phase hold circuit 106 holds the
count value of the clock phase setting counter 103 which
has been setin the horizontal synchronizing signal delay
circuit 91 in a field where the second change point is
detected by the second change point detection circuit
102.

[0132] An averaging circuit 107 calculates, when a
count value (a first count value) held in the first clock
phase hold circuit 105 and a count value (a second
count value) held in the second clock phase hold circuit
106 satisfy such arelationship that the second count val-
ue is larger than the first count value, the average sum
of the first count value and the second count value, and
outputs an automatic phase adjustment end signal.
[0133] The reason why the automatic phase adjust-
ment is terminated when the count value (the first count
value) held in the first clock phase hold circuit 105 and
the count value (the second count value) held in the sec-
ond clock phase hold circuit 106 satisfy such a relation-
ship that the second count value is larger than the first
count value is that when the second change point (the
point n shown in Fig. 10 (a)) is detected before the first
change point (the point m shown in Fig. 10 (a)) and then,
the first change point is detected, the automatic adjust-
ment is maintained until the second change point is then
detected.

[0134] When the automatic phase adjustment end
signal is outputted, the switching circuit 108 is returned
toward the contact a, and a value calculated by the av-
eraging circuit 107 is fed to the horizontal synchronizing
signal delay circuit 91 through the CPU 90 as a most
suitable delay set value (clock phase set value). The au-
tomatic phase adjustment is terminated.

[0135] The clock phase detection circuit 89 is charac-
terized not by utilizing the level value of the input video
signal as it is but in that peculiar points of the phase of
the sampling clocks outputted from the horizontal video
start position to the horizontal video end position are de-
tected on the basis of the number of the sampling clocks.
[0136] According to the clock phase detection circuit
89, the best phase of the clocks can be stably detected
irrespective of the contents of video and the frequency
characteristics of an analog waveform, that is, data in
the vicinity of a white level and the vicinity of a black
level of a video signal which is easily affected by over-
shoot strain and ringing strain. Further, data at both the
start position and the end position of the horizontal video
are utilized, thereby making it possible to absorb a sub-
tle difference in the phase of the clocks between a left
part and a right part of the video and to detect the uni-
form and best phase of the clocks on the entire screen.
[0137] According to the above-mentioned embodi-
ment, it is possible to judge that the input video is
switched to the narrow video and stop the automatic ad-
justment operation of the frequency of the sampling
clocks or the phase of the sampling clocks. Accordingly,
the automatic adjustment operation of the sampling
clocks is not erroneously performed, the most stable
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phase relationship is kept between pixel data represent-
ing the video signal and the sampling clocks, and it is
possible to display the stable video on a pixel corre-
sponding panel.

[0138] Although the present invention has been de-
scribed and illustrated in detail, it is clearly understood
that the same is by way of illustration and example only
and is not to be taken by way of limitation, the spirit and
scope of the present invention being limited only by the
terms of the appended claims.

Claims
1. A display device comprising:

a clock generation circuit for generating sam-
pling clocks, whose frequency is controlled on
the basis of a required frequency control value,
on the basis of a horizontal synchronizing sig-
nal of an input video signal;

an analog-to-digital converter for sampling the
input video signal on the basis of the sampling
clocks generated from the clock generation cir-
cuit;

horizontal video start position detection means
for detecting a horizontal video start position of
video data outputted from the analog-to-digital
converter on the basis of a first threshold value;
horizontal video end position detection means
for detecting a horizontal video end position of
the video data outputted from the analog-to-
digital converter on the basis of a second
threshold value;

calculation means for calculating the number of
sampling clocks corresponding to the distance
from the horizontal video start position to the
horizontal video end position;

judgment means for judging whether or not the
result of the calculation by the calculation
means coincides with a required reference val-
ue;

frequency control value adjustment means for
calculating, when it is judged that the result of
the calculation by the calculation means and
the reference value do not coincide with each
other, a new frequency control value on the ba-
sis of the result of the calculation by the calcu-
lation means, the reference value, and the fre-
quency control value currently set in the clock
generation circuit, to feed the new frequency
control value to the clock generation circuit; and
threshold value control means for controlling a
second threshold value depending on the level
of the video data outputted from the analog-to-
digital converter.

2. The display device according to claim 1, wherein
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the clock generation circuit comprises

a voltage controlled oscillator for outputting the
sampling clocks,

a frequency divider for dividing the frequency
of the sampling clocks outputted from the volt-
age controlled oscillator,

phase detection means, to which an output of
the frequency divider and the horizontal syn-
chronizing signal of the input video signal are
inputted, for outputting a detection signal cor-
responding to the phase difference between
both the inputted signals, and

filter means for integrating the detection signal
outputted from the phase detection means, to
output the integrated detection signal to the
voltage controlled oscillator,

the frequency division ratio of the frequency di-
vider being used as the frequency control val-
ue.

3. A display device comprising:

a clock generation circuit for generating sam-
pling clocks, whose frequency is controlled on
the basis of a required frequency control value,
on the basis of a horizontal synchronizing sig-
nal of an input video signal;

an analog-to-digital converter for sampling the
input video signal on the basis of the sampling
clocks generated from the clock generation cir-
cuit;

a horizontal video start position detection circuit
for detecting a horizontal video start position of
video data outputted from the analog-to-digital
converter on the basis of a first threshold value;
a horizontal video end position detection circuit
for detecting a horizontal video end position of
the video data outputted from the analog-to-
digital converter on the basis of a second
threshold value;

a calculation circuit for calculating the number
of sampling clocks corresponding to the dis-
tance from the horizontal video start position to
the horizontal video end position;

a judgment circuit for judging whether or not the
result of the calculation by the calculation
means coincides with a required reference val-
ue;

a frequency control value adjustment circuit for
calculating, when it is judged that the result of
the calculation by the calculation circuit and the
reference value do not coincide with each other,
a new frequency control value on the basis of
the result of the calculation by the calculation
circuit, the reference value, and the frequency
control value currently set in the clock genera-
tion circuit, to feed the new frequency control
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value to the clock generation circuit; and

a threshold value control circuit for controlling
a second threshold value depending on the lev-
el of the video data outputted from the analog-
to-digital converter.

4. The display device according to claim 3, wherein
the clock generation circuit comprises

a voltage controlled oscillator for outputting the
sampling clocks,

a frequency divider for dividing the frequency
of the sampling clocks outputted from the volt-
age controlled oscillator,

a phase detection circuit, to which an output of
the frequency divider and the horizontal syn-
chronizing signal of the input video signal are
inputted, for outputting a detection signal cor-
responding to the phase difference between
both the inputted signals, and

a filter circuit for integrating the detection signal
outputted from the phase detection circuit, to
output the integrated detection signal to the
voltage controlled oscillator,

the frequency division ratio of the frequency di-
vider being used as a frequency control value.

5. A pixel corresponding display device comprising:

a clock generation circuit for generating sam-
pling clocks on the basis of a horizontal syn-
chronizing signal of an input video signal;

an analog-to-digital converter for sampling the
input video signal on the basis of the sampling
clocks generated from the clock generation cir-
cuit;

detection means for comparing video data out-
putted from the analog-to-digital converter with
a predetermined threshold value, to detect a
horizontal video start position and a horizontal
video end position on each of horizontal lines;
calculation means for calculating, on the basis
of a horizontal video start position closest to a
horizontal period start position specified by the
horizontal synchronizing signal out of horizon-
tal video start positions detected within one
field and a horizontal video end position far-
thest from the horizontal period start position
specified by the horizontal synchronizing signal
out of horizontal video end positions detected
within one field, the number of sampling clocks
corresponding to the distance between the hor-
izontal video start position and the horizontal
video end position of the input video signal for
the field;

frequency adjustment means for controlling the
clock generation circuit on the basis of the re-
sult of the calculation by the calculation means,
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to adjust the frequency of the sampling clocks;
judgment means for judging for each field
whether or not the width of a region where input
video exists is smaller than the number of hor-
izontal effective pixels on the basis of the result
of the calculation by the calculation means; and
means for stopping, when it is judged that the
width of the region where the input video exists
is smaller than the number of horizontal effec-
tive pixels, a frequency adjustment operation
based on the number of sampling clocks found
in the field.

6. A pixel corresponding display device comprising:

a clock generation circuit for generating sam-
pling clocks on the basis of a horizontal syn-
chronizing signal of an input video signal;

an analog-to-digital converter for sampling the
input video signal on the basis of the sampling
clocks generated from the clock generation cir-
cuit;

a detection circuit for comparing video data out-
putted from the analog-to-digital converter with
a predetermined threshold value, to detect a
horizontal video start position and a horizontal
video end position on each of horizontal lines;
a calculation circuit for calculating, on the basis
of a horizontal video start position closest to a
horizontal period start position specified by the
horizontal synchronizing signal out of horizon-
tal video start positions detected within one
field and a horizontal video end position far-
thest from a horizontal period start position
specified by the horizontal synchronizing signal
out of horizontal video end positions detected
within one field, the number of sampling clocks
corresponding to the distance between the hor-
izontal video start position and the horizontal
video end position of the input video signal for
the field;

a frequency adjustment circuit for controlling
the clock generation circuit on the basis of the
result of the calculation by the calculation cir-
cuit, to adjust the frequency of the sampling
clocks;

a judgment circuit for judging for each field
whether or not the width of a region where input
video exists is smaller than the number of hor-
izontal effective pixels on the basis of the result
of the calculation by the calculation circuit; and
a circuit for stopping, when it is judged that the
width of the region where the input video exists
is smaller than the number of horizontal effec-
tive pixels, a frequency adjustment operation
based on the number of sampling clocks found
in the field.
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7. A pixel corresponding display device comprising:

a delay circuit, whose amount of delay is vari-
able, for delaying and outputting a horizontal
synchronizing signal of an input video signal;
a clock generation circuit for generating sam-
pling clocks which are synchronized with the
horizontal synchronizing signal outputted from
the delay circuit;

an analog-to-digital converter for sampling the
input video signal on the basis of the sampling
clocks generated from the clock generation cir-
cuit;

detection means for comparing video data out-
putted from the analog-to-digital converter with
a predetermined threshold value, to detect a
horizontal video start position and a horizontal
video end position on each of horizontal lines;
calculation means for calculating, on the basis
of a horizontal video start position closest to a
horizontal period start position specified by the
horizontal synchronizing signal outputted from
the delay circuit out of horizontal video start po-
sitions detected within one field and a horizon-
tal video end position farthest from a horizontal
period start position specified by the horizontal
synchronizing signal outputted from the delay
circuit out of horizontal video end positions de-
tected within one field, the number of sampling
clocks corresponding to the distance between
the horizontal video start position and the hor-
izontal video end position of the input video sig-
nal for the field;

phase adjustment means for changing an
amount of delay set in the delay circuit a pre-
determined amount at a time for each field, to
change the phase of the sampling clocks a pre-
determined amount at a time for the field, hold-
ing as a first amount of delay the amount of de-
lay set in the delay circuit in the field in a case
where the number of sampling clocks calculat-
ed by the calculation means is changed in such
a direction as to be decreased and holding as
a second amount of delay the amount of delay
set in the delay circuit in the field in a case
where the number of sampling clocks calculat-
ed by the calculation means is changed in such
a direction as to be increased, and calculating
the average sum of the first amount of delay
and the second amount of delay, to set the
amount of delay set in the delay circuit to the
obtained average sum;

judgment means for judging for each field
whether or not the width of a region where input
video exists is smaller than the number of hor-
izontal effective pixels on the basis of the result
of the calculation by the calculation means; and
means for stopping, when it is judged that the
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width of the region where the input video exists
is smaller than the number of horizontal effec-
tive pixels, a phase adjustment operation
based on the number of sampling clocks found
in the field.

8. A pixel corresponding display device comprising:

a delay circuit, whose amount of delay is vari-
able, for delaying and outputting a horizontal
synchronizing signal of an input video signal;
a clock generation circuit for generating sam-
pling clocks which are synchronized with the
horizontal synchronizing signal outputted from
the delay circuit;

an analog-to-digital converter for sampling the
input video signal on the basis of the sampling
clocks generated from the clock generation cir-
cuit;

a detection circuit for comparing video data out-
putted from the analog-to-digital converter with
a predetermined threshold value, to detect a
horizontal video start position and a horizontal
video end position on each of horizontal lines;
a calculation circuit for calculating, on the basis
of a horizontal video start position closest to a
horizontal period start position specified by the
horizontal synchronizing signal outputted from
the delay circuit out of horizontal video start po-
sitions detected within one field and a horizon-
tal video end position farthest from a horizontal
period start position specified by the horizontal
synchronizing signal outputted from the delay
circuit out of horizontal video end positions de-
tected within one field, the number of sampling
clocks corresponding to the distance between
the horizontal video start position and the hor-
izontal video end position of the input video sig-
nal for the field;

a phase adjustment circuit for changing an
amount of delay set in the delay circuit a pre-
determined amount at a time for each field, to
change the phase of the sampling clocks a pre-
determined amount at a time for the field, hold-
ing as a first amount of delay the amount of de-
lay set in the delay circuit in the field in a case
where the number of sampling clocks calculat-
ed by the calculation means is changed in such
a direction as to be decreased and holding as
a second amount of delay the amount of delay
set in the delay circuit in the field in a case
where the number of sampling clocks calculat-
ed by the calculation circuit is changed in such
a direction as to be increased, and calculating
the average sum of the first amount of delay
and the second amount of delay, to set the
amount of delay set in the delay circuit to the
obtained average sum;
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a judgment circuit for judging for each field
whether or not the width of a region where input
video exists is smaller than the number of hor-
izontal effective pixels on the basis of the result
of the calculation by the calculation means; and
a circuit for stopping, when it is judged that the
width of the region where the input video exists
is smaller than the number of horizontal effec-
tive pixels, a phase adjustment operation
based on the number of sampling clocks found
in the field.
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FIG. 8a

HORIZONTAL EFFECTIVE PIXEL

A X A
€ >
HORIZONTAL HORIZONTAL
VIDEO START VIDEO END
POSITION POSITION
FIG. 8b

————————— Th2
§1') RN S N A—
HORIZONTAL EFFECTIVE PIXEL
r X A
< >
HORIZONTAL HORIZONTAL
VIDEO START  VIDEO END
POSITION POSITION
FIG. 8c
————————————————————————— Th2
Th === mm oo

< N

HORIZONTAL EFFECTIVE PIXEL

R —

HORIZONTAL HORIZONTAL
VIDEO START VIDEO END
POSITION POSITION

25



EP 1122 710 A2

LINDUID

- dINIVA
HALNTOSHV —

40 1Nd1NO

LINOIIO
NOILVIANAD DNINIL
LINANLS{AV

dSVHd DILVINOL(OV

dS111d TOYLNOD DNIHOLIMS
LINAWLSALAV DILVINO.LNY

JO dNIL / FNILL TVINION

4 Tavis
INFNLSOIAV

bO1~

HALNNOD ONILLLAS
HSVHd AD0TO

€01~

LINDYID NOILOALAd
LINIOd DNIDNVHD

JILVINO.LNV

aNA
INHWNLSNIAV
JILLVINOLNV

LINDYUIOD
d'IOH dSVHd

ANOJ4IS

201~

LINOYID NOILDALAd
INIOd ONIONVHO

LSYId
101~

MD0TO ANODES
901~

LI0DYID

d'IOH dSVHd
AD0TO LSdId

S01~

6 "OId

26



EP 1122 710 A2

FIG. 10
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